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LETTERS TO THE EDITOR
PSEUDOREPLICATION: WHAT DOES IT MEAN, AND How
DOES IT RELATE TO BIOLOGICAL EXPERIMENTS?
Consider the following hypothetical experiment:
a study was conducted to determine temporal resid-
ual effectiveness of permethrin against adult Culex
salinarius Coquillett, when applied as an ultra-low
volume (ULV) mist, to the interior of horse barns.
In the study design, 4 horse barns were treated with
the insecticide (referred to as treatment). Mosquito
mortality was evaluated weekly in barns by expos-
ing 4 cages of 25 live Cx. salinariu.r females each
to one of the treated walls of each barn for 2 h.
One nontreated barn (referred to as control) was
used to compare treatments but used 4 cages of Cr.
salinarius females that were also placed against the
interior walls. Mortality in the control was assessed
as in the treatment. After the exposure time ended,
data on mean percent mortality at 24 h postexpo-
sure in treatments were compnred with that of con-
trols. Caged mosquitoes were exposed weekly for
15 wk. Tieatment and control mean mortality data
were recorded and compared at each date using a
r-test. Significant differences for each time interval
(day of exposure) were determined at P < 0.05.
In the above hypothetical study, a serious mis-
take was made, relative to experimental design and
statistical inference, referred to as pseudoreplica-
tion. A valuable discussion of this subject has been
provided by Hurlbert (1984) and the reader is urged
to examine that article in length. However, I would
like to review some of the pertinent points of pseu-
doreplication outlined in that paper using my hy-
pothetical study as an example.
Pseudoreplication "results from the use of infer-
ential statistics to test for treatment effects with
data from experiments where either treatments are
not replicated (though sarnples may be) or repli-
cates are not statistically independent" (Hurlbert
1984). In my study, the control was not replicated,
although treatments were. The experimental units
in this study were horse barns NOT number of
mosquito cages. Ideally, there should have been 4
control barns (or at the very least 2). Replication
provides an estimate of experimental error; this im-
proves precision of the experiment by reducing the
standard deviation of a treatment mean. Further-
more, replication increases the scope of inference
of an experiment. Lastly, replication restrains, to a
certain extent, the error variance. Reduced variation
results in increased precision estimates for param-
eters such as treatment means or difference between
two means (Hurlbert 1984). An experiment that
lacks replication between experimental units does
not give the probability (P value determined by
variation between treatments) of rejecting the null
hypothesis when true (referred to as type I error).
Pseudoreplication is not a defect in experimental
design, rather it is a problem of sampling coupled
with inappropriate statistical analysis for testing a
hypothesis. Hurlbert (1984) covered 3 instances of
pseudoreplication that I will summarize here: sim-
ple, temporal, and sacriflcial. Simple pseudorepli-
cation would occur if treatments were not segre-
gated in space or time but were somehow intercon-
nected so that "replicates" were actually subsam-
ples from a single experimental unit (Fig. lA). This
was the instance in my study. Four mosquito cages
were used in the one control barn so it looked like
I had 4 replications (cages) for analysis but cages,
as stated earlier, were not the experimental units.
Another common mistake researchers can make
is temporal pseudoreplication, when multiple sam-
ples are taken sequentially over time rather than
simultaneously. This was another flaw in my study.
Instead of replicating barns, I chose to use a single
barn but used time (i.e., week) as my replication
(Fig. 1B). Also, it was inappropriate for me to use
a significance test that compared treatment mortal-
ity data with that of the control because successive
dates were treated as if they were independent rep-
licates of the control, which they were not.
Sacrificial pseudoreplication results when 2 or
more samples taken from an experimental unit are
treated as independent replicates. In the example
from Fig. lC, the experimenter had set up his study
so that there were 4 total samples (which he called
"replicates") from a treatment category and 4 sam-
ples from a control category. (For the sake of sim-
plicity we will assume that the analysis of variance
table showed a significant F value for the interac-
tion term of week/treatment.) A t-test was then em-
ployed to compare the pooled data points from each
category on the assumption that they came from 4
independent experimental units (i.e., replicates). In
reality, the experimenter in Fig. lC had 2 data
points (or replicates) per category (i.e., 2 treatments
and 2 controls). In this case, the assumption of in-
dependence between data points for each control,
as well as each treatment replicate, was violated.
In this example, inforrnation on the variance among
treatment replicates was confounded with variance
among samples within replicates (Hurlbert 1984).
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for nonreplication and I refer the reader to Hurl-
bert's (1984) continued discourse on this topic.
So what have I learned from the above discus-
sion? My original study should have started out
with, optimally, 4 horse barns for treatment and the
same number of barns for control, as barns were
the experimental units, not the number of mos'
quito cages used per barn. Therefore, my study
would have been replicated adequately and a sta-
tistically appropriate approach using, for example,
a comparison test (such as a t-test) that compared
mosquito treatment monality data with controls, at
each time interval (assuming the analysis of vari-
ance table showed a significant F value for the in-
teraction term of weeli/treatment in the model),
would have been totally adequate.
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C. SACRIFICAL PSEUDOREPLICATION
Fig. 1. Various types of pseudoreplication.
My study used 4 mosquito cages as separate inde-
pendent replicates within the single control and, as
a result, violated an assumption of independence.
However, Hurlbert (1984) does concede there are
instances where unreplicated experiments are valid,
but they depend on tllLe "experimental units being
identical at the time of manipulation and on th.eir
remaining identical to each other after manipula-
tion, except [for] .. . treatment effect." However,
the lack of significant effects prior to the experi-
mental treatment cannot be interpreted as evidence
